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$EVWUDFW
,Q WKLV SDSHUZH SUHVHQW DOJRULWKPV IRU DXWRPDWLF JHQHUDWLRQ RI ORJLF UHDVRQLQJ TXHVWLRQV 7KH DOJRULWKPV DUH DEOH WR
FRQVWUXFW TXHVWLRQV WKDW DUH VROYDEOHZLWK XQLTXH VROXWLRQV 7KH DOJRULWKPV HPSOR\ $, WHFKQLTXHV VXFK DV VHPDQWLF
QHWZRUNV WR SURGXFH YHUEDO TXHVWLRQV 7KHVH DOJRULWKPV DUH VPDOO LQ VL]H DQG DUH DEOH WR UHSODFH WUDGLWLRQDO TXHVWLRQ
GDWDEDVHV7KH\DUHSDUWLFXODUO\VXLWDEOHIRULPSOHPHQWDWLRQRQWKHPHPRU\FRQVWUDLQHGPRELOHSODWIRUPV7KHDOJRULWKPV
FDQEHDSSOLHGWRTXHVWLRQJHQHUDWLRQIRUMRELQWHUYLHZFLYLOVHUYLFHH[DPHWF

3XEOLVKHGE\(OVHYLHU%9

.H\ZRUGV$,ORJLFDOTXHVWLRQVDXWRPDWLFTXHVWLRQJHQHUDWLRQ$QGURLGVHPDQWLFQHWZRUNQ4XHHQ
,QWURGXFWLRQ
7KHWUDLQLQJRIDQDO\WLFDODELOLW\LVHVVHQWLDOLQWKLVWHFKQRORJLFDOO\FRPSHWLWLYHZRUOGDQGORJLFDOUHDVRQLQJLV
WKH IRXQGDWLRQRIDQDO\VLV7KHUHIRUH LW LV LQFUHDVLQJO\EHLQJYDOXHG/RJLFDOTXHVWLRQVDUH LQFRUSRUDWHG LQ
FROOHJHHQWUDQFHH[DPV0%$H[DPV MRELQWHUYLHZVHWF LQRUGHUWRHYDOXDWHFDQGLGDWH¶VDQDO\WLFDODELOLW\
$FFRUGLQJWRVRPHVWXGLHVWKHDELOLW\RIORJLFDOWKLQNLQJLVFORVHO\UHODWHGWRVWUDLQDQGLQQRYDWLRQDELOLW\DW
ZRUN7UDGLWLRQDOO\WHVWTXHVWLRQVDUHVWRUHGLQGDWDEDVHV7KHVHGDWDEDVHVQHHGVLJQLILFDQWDPRXQWRIVWRUDJH
VSDFH+HQFHWKH\DUHQRWVXLWDEOHIRUPHPRU\FRQVWUDLQHGPRELOHGHYLFHV7KHTXHVWLRQVDUHW\SLFDOO\VWRUHG
DVWH[WVQRWNQRZOHGJHVWUXFWXUHDVVXFKWKH\DUHQRWGLUHFWO\XVDEOHLQLQWHOOLJHQWWXWRULQJV\VWHP5HVHDUFK
RQLQWHOOLJHQWWXWRULQJDQGH/HDUQLQJKDVSURGXFHGPDQ\IUXLWIXOUHVXOWVDQGVXFKWHFKQLTXHVKDYHVKRZQ

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PRUHHIIHFWLYHQHVVWKDQWKRVHZLWKPHUHFRORUIXOPXOWLPHGLDSUHVHQWDWLRQ,QWHOOLJHQWWXWRULQJUHIHUHQFHVE\
&)UDVVRQ**DXWKLHUDQG$/HVJROG-XQHDQG-/DUNLQ5&KDED\DQG&6KHIWLF6LQFHWKH
YDULHW\DQGTXDQWLW\RIWKHTXHVWLRQVLQDGDWDEDVHDUHXVXDOO\OLPLWHGWKLVDSSURDFKLVWKXVSURQHWRSODJLDU\
VP)RUWKHVHDQGRWKHUUHDVRQVDXWRPDWLFTXHVWLRQJHQHUDWLRQLVUHFHLYLQJWKHDWWHQWLRQ,QWKLVSDSHUZH
SUHVHQWDOJRULWKPVWKDWDXWRPDWLFDOO\JHQHUDWHORJLFDOTXHVWLRQVHDFKRIZKLFKKDVDXQLTXHVROXWLRQ
2QWKHRWKHUKDQGWKHDSSOLFDWLRQRILQWHOOLJHQWWXWRULQJWHFKQLTXHVRQPRELOHGHYLFHVKDVEHHQOLPLWHGGXH
WRUHVRXUFHFRQVWUDLQWVVXFKDVPHPRU\DQGSURFHVVRUVSHHG,QSDUWLFXODUDXWRPDWLFTXHVWLRQJHQHUDWLRQDQG
LQWHOOLJHQW WXWRULQJ EDVHG RQ FRQFHSWXDO VWUXFWXUHV DQG RQWRORJLFDO HQJLQHHU DUH VWLOO LQ WKH SULPLWLYH VWDJH
ZKLFK UHIHUHQFHV E\ - +HIOLQ DQG WKH 6LPSOH +70/ 2QWRORJ\ ([WHQVLRQV 6+2( ODQJXDJH
VSHFLILFDWLRQ$SULODYDLODEOHDWKWWSZZZFVXPGHGXSURMHFWVSOXV6+2(VSHFKWPOUHVHDUFKUHVXOWV
RQ RQWRORJLFDOPHWKRGV WR DXWRPDWLF TXHVWLRQ JHQHUDWLRQZHUH UHSRUWHG E\ 7 /L DQG 6 6DPEDVLYDP  LQ
SDSHU 4XHVWLRQ 'LIILFXOW\ $VVHVVPHQW ,Q ,QWHOOLJHQW 7XWRU 6\VWHP IRU &RPSXWHU $UFKLWHFWXUH 
&RQVWUDLQWSURSDJDWLRQZDVXVHGWRJHQHUDWHTXHVWLRQVDQGWRNQRZOHGJHJXLGHGOHDUQLQJ2WKHUDSSURDFKHVWR
DXWRPDWLF TXHVWLRQ JHQHUDWLRQZHUH DOVR GHYHORSHGZKLFK UHIHUHQFHV E\ + .XQLFKLND  7 .DWD\DPD 7
+LUDVKLPDDQG$7DNHXFKL
/HDQ$,IRU0RELOH/HDUQLQJ
0RVW$,SURJUDPVQHHGODUJHDPRXQWRIVWRUDJHDQGH[FHVVLYHFRPSXWLQJSRZHU7KLVLVXVXDOO\EH\RQG
WKH FDSDELOLWLHV RIPRELOH GHYLFHV7R HIIHFWLYHO\ DSSO\$, WHFKQLTXHV IRUPRELOH FRPSXWLQJ WKHSURJUDPV
PXVWEHOHDQDQGVPDOO%DVHGRQWKHVHREVHUYDWLRQVZHUHVHDUFKWKHDOJRULWKPVIRUDXWRPDWLFJHQHUDWLRQRI
ORJLFDOTXHVWLRQVRQPRELOHGHYLFHV
,QRUGHU WRGHYHORS HIIHFWLYHPRELOH OHDUQLQJSURJUDPV RQHQHHGV WRXQGHUVWDQG WKH FKDUDFWHULVWLFV RI D
W\SLFDO PRELOH GHYLFH 7KH PRELOH GHYLFH XQGHU FRQVLGHUDWLRQ LQ WKLV SDSHU LV D W\SLFDO VPDUW FHOO SKRQH
UXQQLQJDVPDOORSHUDWLQJV\VWHPVXFKDVWKHZLQGRZVPRELOHDQGURLG26RUL3KRQH267KHVHGHYLFHVDUH
FKDUDFWHUL]HG E\ WKHLU  UHODWLYHO\ VPDOOPHPRU\ DQG VORZ SURFHVVRUZLWKRXW KDUG GULYHV  ORZ SRZHU
FRQVXPSWLRQJRRGQHWZRUNLQJFDSDELOLW\7KLVHQFRXUDJHVFRPPXQLFDWLRQVEHWZHHQPXOWLSOHOHDUQHUV
PXOWLPHGLD FDSDELOLW\ DQG H[FHOOHQW JUDSKLFDO XVHU LQWHUIDFH $OWKRXJK VPDOO LQ VL]H DQG PHPRU\ WKHVH
GHYLFHVDUHRIWHQSDFNHGZLWKVRPDQ\IHDWXUHVZKLFKDUHQRWFRPPRQO\XVHGRQGHVNWRSFRPSXWHUV
,Q WKLV SDSHU ZH SUHVHQW DOJRULWKPV IRU DXWRPDWLFDOO\ JHQHUDWLQJ WZR W\SHV RI ORJLF TXHVWLRQV 7KH
DOJRULWKPV DUH LPSOHPHQWHG RQ WKH $QGURLG SODWIRUP 7KH GHWDLOHG LQIRUPDWLRQ RI $QGURLG SODWIRUP
UHIHUHQFHV E\ 0HLHU 5  7ZR ODQJXDJHV &KLQHVH DQG (QJOLVK DUH VXSSRUWHG 7KH JUDSKLFDO XVHU
LQWHUIDFHVDUHVKRZQLQ)LJ
  
)LJDWRSLFVHOHFWLRQLQWHUIDFHEVHFUHWH0DPLLQWHUIDFHFORJLFDOUHDVRQLQJLQWHUIDFH
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$OJRULWKP'HVFULSWLRQV
:H IRFXVRQ DOJRULWKPV IRU WZR W\SHVRI ORJLFDO TXHVWLRQV%RWK W\SHV UHTXLUH WKHXVHU WR SXW SHUPXWHG
REMHFWV EDFN WR SODFH 7KH ILUVW W\SH VHFUHW ³PDPL´ XVHV D JURXS FRQGLWLRQ DQG WKH VHFRQG W\SH XVHV
LQGLYLGXDOFRQILUPDWLRQRUUHIXWDWLRQFRQGLWLRQV
$OJRULWKPIRU*HQHUDWLQJ6HFUHWĀ0DPLā604XHVWLRQV
%HORZZHXVHDQH[DPSOH WR LOOXVWUDWH WKLV W\SHRITXHVWLRQV7KHTXHVWLRQILUVWVWDWHV WKDW WKHUHDUH ILYH
SRUWUDLWVRIIDPRXVVFLHQWLVWVDQGHDFKLVDVVLJQHGDQXPEHU)LYHVWXGHQWVDUHDVNHGWRLGHQWLI\WKHSRUWUDLWV
7RPVD\VWKDW1HZWRQLVLQSRUWUDLWQRDQG*DOLOHRLVLQSRUWUDLWQR
/LO\VD\VWKDW:DWWLVLQSRUWUDLWQRDQG(LQVWHLQLVLQSRUWUDLWQRSRUWUDLW
&KHUU\VD\VWKDWWKHQRSRUWUDLWLVIRU(LQVWHLQDQGQRSRUWUDLWLVIRU:DWW
'LFNVD\VWKDWQRSRUWUDLWLVIRU1HZWRQDQGWKHQRSRUWUDLWLVIRU&RSHUQLFXV
-LPVD\VWKDW&RSHUQLFXVLVLQSRUWUDLWQRDQG*DOLOHRLVLQSRUWUDLWQR
7KHTXHVWLRQDVNVWKHXVHUWRWHOOHDFKVFLHQWLVWDQGKLVSRUWUDLWQXPEHU7KLVTXHVWLRQLQFOXGHVDQXPEHURI
VFLHQWLVWVDQGWKHLULGHQWLI\LQJQXPEHUVLQSHUPXWHGIRUP7KHVDPHQXPEHURISHRSOHLVDVNHGWRLGHQWLI\WKH
VFLHQWLVWVLQWKHSRUWUDLWV(DFKSHUVRQLGHQWLILHVVRPHSRUWUDLWV6RPHDUHLGHQWLILHGZURQJDQGVRPHFRUUHFW
)RUDTXHVWLRQLQYROYLQJ1REMHFWVZHFDQIRUPDQ1[1PDWUL[IRUWKHDQDO\VLVDVVKRZQLQ7DEOH
7DEOH$QLQVWDQFHRIWKHVHFUHW³0DPL´60W\SHTXHVWLRQ
 1HZWRQ *DOLOHR :DWW (LQVWHLQ &RSHUQLFXV
7RPVD\V     
/LO\VD\V     
&KHUU\VD\V     
'LFNVD\V     
-LPVD\V     
7KURXJKDQDQDO\VLVZHDUULYHDW WKHDQVZHU WKDWQRSRUWUDLW LV1HZWRQQRSRUWUDLW LV(LQVWHLQQR
SRUWUDLWLV*DOLOHRQRSRUWUDLWLV&RSHUQLFXVDQGQRSRUWUDLWLV:DWW
:HGHVLJQHGDQDOJRULWKPIRUJHQHUDWLQJVXFKTXHVWLRQVDQGLPSOHPHQWHGLWRQWKH$QGURLGSODWIRUP7KH
LQWHUIDFHRIWKHLPSOHPHQWDWLRQLVVKRZQLQ)LJE7KLVORJLFDOWKLQNLQJJDPHFDQFKHFNWKHDQVZHULIWKH
³&+(&.´EXWWRQLVFOLFNHG2QHPD\ILQGWKHDQVZHUE\FOLFNLQJWKH³DQVZHU´EXWWRQ
$OJRULWKP$VVXPH0LVDQ1[1PDWUL[
• 6WHS&RUUHFWDQVZHUJHQHUDWLRQSXWWR1UDQGRPO\LQGLIIHUHQWURZVDQGFROXPQVRI0
• 6WHS  +LGH D FRQGLWLRQ UDQGRPO\ VHOHFW D URZ L /HW WKH FRUUHFW DQVZHU EH LQ SRVLWLRQ >L M@ 5HFRUG
+ 0>LM@&KDQJHWKHFRUUHFWYDOXHDWSRVLWLRQ>LM@WRLQGLFDWLQJDQRQFRQGLWLRQ
• 6WHS5DQGRPO\VHOHFWDFROXPQNZKHUHN M/HWWKHFRUUHFWDQVZHURIFROXPQNEHLQSRVLWLRQ>SN@
DQG0>SN@ P&KDQJH0>LN@WRP5DQGRPO\JHQHUDWHDGLVWDQFHGZKHUHİGİ1	MG1 N
• 6WHS*HQHUDWHDX[LOLDU\FRQGLWLRQVIRUHDFKURZRWKHUWKDQURZL
 /HWWKHFRUUHFWDQVZHUEHLQ0>UF@DQGQF FG1
 *HQHUDWHDQXPEHUP VXFK WKDWP 0>UF@DQGP 0>VQF@ZKHUH0>VQF@ LV WKHFRUUHFWDQVZHU LQ
FROXPQQF,IQF MDIXUWKHUFRQGLWLRQP +LVLPSRVHG
 6HW0>UQF@ P
• 6WHS)RUURZLOHWWKHFRUUHFWDQVZHUEHLQ0>LN@DQGQF MG1/HW0>WQF@EHWKHFRUUHFWDQVZHULQ
FROXPQQF*HQHUDWHP 0>WQF@	P 0>LN@	P +6HW0>LQF@ P
261 Kun Wang et al. /  IERI Procedia  2 ( 2012 )  258 – 263 
$OJRULWKPIRU*HQHUDWLQJ/RJLFDO5HDVRQLQJ/54XHVWLRQV
7KLVVHFWLRQGLVFXVVHVWKHJHQHUDWLRQRI/RJLFDO5HDVRQLQJ/5TXHVWLRQV)RUH[DPSOHDTXHVWLRQPD\
VWDWH$%DQG&FRPHUHVSHFWLYHO\IURP&KLQD-DSDQDQG86$$GRHVQ¶WNQRZ(QJOLVK%FDQ¶WVSHDN
-DSDQHVHEXWWDONZLWK$PHULFDQDUGHQWO\*XHVVZKLFKFRXQWU\WKH\DUHIURP"
7KHHOHPHQWVRIWKLVWRSLFLQFOXGHVREMHFWV$%DQG&DQGWKHDWWULEXWHVQDWLRQDOLW\$ORJLFDOTXHVWLRQ
W\SLFDOO\ LQFOXGHV Q REMHFWV HDFK KDYLQJ D GLIIHUHQW DWWULEXWH 1RWLFH WKDW WKH TXHVWLRQ FRQWDLQV PRVWO\
QHJDWLYHFRQGLWLRQVZKLFKGHVFULEHZKDWDQREMHFW LV127$JDLQZHXVH WKHNQRZOHGJH UHSUHVHQWDWLRQRI
PDWUL[WRGHVFULEHWKLVNLQGRISUREOHPV6RWKHGHVFULSWLRQRIWKHDERYHH[DPSOHLVFDSWXUHGLQWKHPDWUL[RI
7DEOHEHORZ
7DEOH$QH[DPSOHRI/RJLFDO5HDVRQLQJ/5TXHVWLRQ
 &KLQD -DSDQ $PHULFD
$   $GRHVQ¶WNQRZ(QJOLVK
%  %FDQ¶WVSHDN-DSDQHVH %WDONZLWK$PHULFDQDUGHQWO\
&   
7KHFRUUHFWDQVZHULV$LV-DSDQHVH%LV&KLQHVHDQG&LV$PHULFDQ7KLVLV WKHHDVLHVWTXHVWLRQLQ
GLPHQVLRQRI/RJLFDO5HDVRQLQJSUREOHP+RZWRH[SDQGWRQGLPHQVLRQDQGJHQHUDWHWKHQQPDWUL[LVWKH
NH\RIWKLVTXHVWLRQW\SH7KHPDWUL[RIDQVZHULVWDEOH
7DEOH$VROXWLRQWRWKH/RJLFDO5HDVRQLQJ/5TXHVWLRQDERYH
 &KLQD -DSDQ $PHULFD
$   
%   
&   
7KLVORRNVVLPLODUWRWKHQ4XHHQSUREOHPZKLFKLVWKHW\SLFDOSUREOHPLQ$,EXWWKHDQVZHUFDQEHSXWLQ
DQ\ REOLTXH OLQH7KHSUREOHP LV DQDORJRXV WRQ4XHHQ KRZHYHU WKH FRQVWUXFWLRQ DOJRULWKP LV QRW VLQFH LW
GRHVQRWQHHGEDFNWUDFNLQJ
7KHJUDSKLFDO LQWHUIDFHIRUWKLVW\SHRITXHVWLRQLVVKRZQLQ)LJF7KHUHDUHWKUHHOHYHOVRIGLIILFXOW\
ORZPLGGOHDQGKLJKLQWKHTXHVWLRQJHQHUDWLQJLQWHUIDFH7KHXVDJHPHWKRGDQGIXQFWLRQVRIWKRVHEXWWRQDUH
WKHVDPHDVIRUWKHVHFUHWH0DPLTXHVWLRQV:KHQWKHODQJXDJHRIWKH$QGURLGSODWIRUPLVVHWWKHODQJXDJHRI
WKH LQWHUIDFH LV DXWRPDWLFDOO\ VHW WR WKH VDPH ,Q WKH DOJRULWKP GHVFULSWLRQ EHORZ D  HQWU\ LQ WKH PDWUL[
PHDQVQRFRQGLWLRQLVVHWPHDQVDSRVLWLYHFRQGLWLRQDQGPHDQVDQHJDWLYHFRQGLWLRQ
$OJRULWKP7KH1[1PDWUL[0LQLWLDOO\FRQWDLQVDOOV
• 6WHS*HQHUDWHWKHFRUUHFWDQVZHU5DQGRPO\SODFHDLQHDFKURZVRWKDWHDFKURZDQGHDFKFROXPQ
FRQWDLQVDVLQJOH
• 6WHS&KRRVHWKHQXPEHURISRVLWLYHFRQGLWLRQVDVQ UDQGRP1
• 6WHS*HQHUDWHWKHPDLQQHJDWLYHFRQGLWLRQ&KRRVHWZRURZVUDQGU,I0>UF@ DQG0>UF@ 
HLWKHUVHW0>UF@ RUVHW0>UF@ 
• 6WHS&KDQJHDSRVLWLYHFRQGLWLRQUDQGRPO\FKRRVHDURZURUFROXPQFWKDWFRQWDLQVD
 ,IZHFKRRVHDURZIRUHDFKHOHPHQW0>UL@LQWKHURZ0>UL@ WKHUHLVDLQFROXPQL"
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